Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections account for a substantial proportion of cases of chronic liver disease including chronic hepatitis, cirrhosis, and liver cancer. It is estimated that there are 350 million HBV carriers and 170 million HCV carriers worldwide (6) . HBV and HCV are transmitted parenterally and share common routes of infection; thus, infection with both viruses may occur, particularly in areas where the two viruses are endemic and among people at high risk for parenteral infections (4, 15) . The diagnosis of HBV infection is usually based on the detection of hepatitis B surface antigen (HBsAg), and the disappearance of this antigen indicates the clearance of HBV (6) . However, previous studies have shown that HBV DNA can be detected in patients with chronic liver disease who are negative for HBsAg but positive for antibodies to hepatitis B core antigen (anti-HBc) (1, 12, 21) . More recently, this so-called occult HBV infection has frequently been identified in patients with chronic HCV infection (5, 10, 19) , and in such patients this occult infection may be associated with more severe liver damage and even the development of hepatocellular carcinoma (HCC) (3, 18, 20) . In addition, several studies have suggested that occult HBV infection may correlate with a lack of response to interferon treatment in patients with chronic hepatitis C (3, 5, 22) . Taken together, a low-level HBV infection not only may contribute to the severity of HCV-related liver disease but also may be of prognostic importance. However, whether the presence of such small amounts of HBV will lead to progressive liver disease has been questioned (2) and indeed needs further confirmation from other parts of the world where HBV infection is rampant.
Taking advantage of the fact that HBV and HCV infections are common in Taiwan (4), we determined the prevalence of occult HBV infection in patients with HCV-related chronic liver disease and studied the possible influence of occult HBV infection on the clinical outcomes for the infected patients.
MATERIALS AND METHODS
Patients. Serum samples from 210 Taiwanese patients with histologically verified HCV-related chronic liver disease and 100 control subjects were retrospectively studied. These included (i) 100 healthy adults (52 men, 48 women; mean age, 40 Ϯ 7 years) who had normal serum alanine aminotransferase (ALT) levels and who were negative for both HBsAg and antibodies against hepatitis C virus (anti-HCV); among them, 82 were positive for both antibodies against HBsAg (anti-HBs) and anti-HBc, 8 were positive for anti-HBc alone, and 10 were negative for the three serological markers of HBV infection; (ii) 50 patients (30 men, 20 women; mean age, 64 Ϯ 9 years) with HCC; (iii) 50 patients (28 men, 22 women; mean age, 57 Ϯ 10 years) with cirrhosis; and (iv) 110 patients (74 men, 36 women; mean age, 45 Ϯ 13 years) with chronic hepatitis C who had received combination therapy with alfa-2b interferon (Intron A; Schering-Plough, Kenilworth, N.J.) at 3 million units thrice weekly plus oral ribavirin (ICN Pharmaceuticals, Inc., Costa Mesa, Calif.) at 1,000 to 1,200 mg daily for 24 weeks. The presence of HCV RNA and HBV DNA in serum was determined before the initiation of combination therapy, at the end of therapy, and 24 weeks after the therapy was discontinued. The response to combination therapy was classified into two patterns according to the serum ALT level and serum HCV RNA status. Patients who had normal serum ALT levels (Յ40 U/liter) and in whose serum HCV RNA was undetectable at the end of therapy and during the follow-up period were considered to have a sustained response. A nonsustained response was defined as serum ALT levels that could not be normalized either at the end of therapy or during the follow-up period, without clearance of HCV RNA from serum. Those with chronic HCV infection were positive for both anti-HCV and HCV RNA and were negative for HBsAg. Of those individuals, 181 (86%) were positive for anti-HBc and 127 (60%) were positive for anti-HBs. To sum up, 20 (9.5%) of these patients with HCV-related chronic liver disease were negative for serological markers of HBV infection and 190 (90.5%) were positive for anti-HBs and/or anti-HBc. The diagnosis of chronic liver disease was based on generally accepted clinical and pathological grounds including mild chronic hepatitis, moderate or severe chronic hepatitis, liver cirrhosis, and HCC.
None of the patients enrolled in the study had markers suggestive of autoimmune hepatitis including antinuclear antibodies, antimitochondrial antibodies, and anti-smooth muscle antibodies. None had a history of alcoholism (alcohol intake of Ͼ50 g/day), injection drug abuse, homosexuality, or hepatotoxic drug intake. Metabolic liver disease including hemochromatosis, Wilson's disease, or ␣ 1 -antitrypsin deficiency was excluded by clinical and laboratory data. Serum samples taken from each subject were stored at Ϫ70°C until use.
Serological markers. Tests for HBsAg, anti-HBs, anti-HBc, and anti-HCV were done with commercially available kits (Abbott Laboratories, North Chicago, Ill.).
Detection of HCV RNA, genotyping of HCV, and quantitation of HCV RNA. Serum was assayed for HCV RNA by reverse transcription-PCR with primers from the most conserved 5Ј untranslated region of the viral genome, and identification of the HCV genotype was done with type-specific primers as described previously (9) . To avoid false-positive results, the methods described by Kwok and Higuchi (11) to prevent cross contamination were applied. Serum HCV RNA levels were also quantified by using a second-generation branched DNA signal amplification assay (Quantiplex-HCV, version 2.0; Chiron) with a detection limit of 0.2 Meq/ml.
Detection of HBV DNA. Serum samples were assayed for HBV DNA by using three different PCR assays with primer pairs whose sequences were taken from the surface, core, and X genes of the viral genome (Table 1) . Briefly, total DNA was extracted from 100 l of serum with a QIAamp Blood kit (QIAGEN Ltd., Crawley, United Kingdom) and resuspended in 50 l of elution buffer. For the first round of PCR, the DNA in 25 l of a reaction mixture containing 2 l of the DNA sample, 1ϫ PCR buffer (10 mM Tris-HCl [pH 9.0], 50 mM KCl, 1.5 mM MgCl 2 , 0.01% gelatin, 0.1% Triton X-100), each deoxynucleoside triphosphate at a concentration of 10 mM, 100 ng of each outer primer pair, and 1 U of Taq DNA polymerase was amplified in a thermal cycler (Perkin-Elmer Cetus, Norwalk, Conn.) for 30 cycles. Each cycle entailed denaturation at 95°C for 60 s, primer annealing at 55°C for 30 s, and extension at 72°C for 60 s with a final extension step at 72°C for 7 min. After the first amplification, 1 l of the PCR products was reamplified for another 30 cycles with 100 ng of each inner primer pair. The second round of PCR was done in the same manner as the first round. The amplified products were separated by electrophoresis in a 3% agarose gel and stained with ethidium bromide. The sensitivities of our PCR assays reached 10 copies of HBV DNA per specimen, as determined by testing serial 10-fold dilutions of HBV DNA transcripts with known amounts (10 8 copies/ml) as described previously (7) . Serum samples reactive by at least two of the three PCR assays were considered HBV DNA positive.
Statistical analysis. Data were analyzed by the chi-square test with Yates' correction or Student's t test where appropriate. A P value of less than 0.05 was considered statistically significant.
RESULTS
Of 210 patients with chronic HCV infection, the sera of 31 (14.8%) were positive for HBV DNA by the different PCR assays, documenting an occult HBV infection. The prevalence of occult HBV infection in HCV carriers was comparable to that in healthy adults (15%) ( Table 2 ). In addition, none of the 10 healthy adults or 20 hepatitis C patients negative for all three serological markers of HBV infection was positive for HBV DNA by our PCR assays.
Among the 100 healthy adults and 210 HCV carriers with different serological patterns for HBV infection, the prevalence of occult HBV infection ranged from 0 to 25% among subjects negative for all markers, those positive for anti-HBc alone, and those positive for both anti-HBs and anti-HBc (Table 2). The overall prevalence was significantly higher for those positive for anti-HBc alone than for those negative for all markers (P ϭ 0.001).
In 210 patients with HCV-related chronic liver diseases, the prevalence of occult HBV infection did not parallel the severity of chronic liver disease (Table 2 ). It was highest in patients with HCC (22%) and lowest in patients with cirrhosis (8%), but the difference was not significant. The mean age of HCC patients with HCV infection and occult HBV infections was similar to that of patients with HCV infection alone (60.1 Ϯ 8.5 versus 60.1 Ϯ 7.9 years).
Among 110 patients with chronic hepatitis C, HCV genotypes 1b, 2a, and 2b and mixed infection were found in 67, 29, 9, and 5 patients, respectively (Table 3) . When these patients were stratified by the presence or absence of occult HBV infection, there was no significant difference in clinicopathologic features including gender distribution, mean age, percentage of patients with a transfusion history, mean peak serum ALT level, histological severity, and distribution of HCV genotypes (Table 3) . Although patients with HCV and occult HBV infections had higher mean serum HCV RNA levels than those with HCV infection alone, the difference was not statistically significant. In addition, the biochemical and virological a HBV DNA was detected by PCR with primer pairs whose sequences were taken from the surface, core, or X gene. Serum samples reactive by at least two of the three PCR assays were considered HBV DNA positive.
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responses to combination therapy with interferon and ribavirin did not differ between patients with and without occult HBV infection (Table 3) . Overall, the sustained response rates were 38 and 39% in patients with HBV DNA in their sera and those without HBV DNA in their sera, respectively. Of the 16 patients with occult HBV coinfection before initiation of combination therapy for chronic hepatitis C, all were negative for HBV DNA in their sera at the end of therapy, as determined by PCR assays, and the sera of 14 (88%) remained HBV DNA negative after the therapy had been stopped for 6 months. No correlation between the sustained normalized serum ALT level and the loss of HBV DNA from serum was found. On the contrary, a correlation was seen between a sustained normalized serum ALT level and a sustained loss of HCV RNA from serum.
DISCUSSION
HBV infection is diagnosed when circulating HBsAg is detected (6). However, a unique persistent infection known as occult HBV infection, which is characterized by positivity for HBV DNA in serum by using nested PCR assays, has been identified in HBsAg-negative patients with or without serological markers of previous HBV infection (anti-HBs or antiHBc) (1, 2, 12, 21) . Several recent studies have indicated that this occult HBV infection can be found in patients with chronic HCV infection at various frequencies (50 to 87%) (2, 3, 5, 10, 19, 20, 22) . The high prevalence of the occult HBV infection in such patients has been suggested to have clinical implications in the pathogenesis of HCV-induced chronic liver disease. Nevertheless, by using highly sensitive PCR assays (Table 1) , we found that the prevalences of occult HBV infection were comparable in patients with chronic HCV infection (14.8%) and healthy adults (15%), implying that the risk of occult HBV infection among HCV carriers is not increased compared to that for the general population in Taiwan. These findings are not unanticipated because most adults in Taiwan contracted HBV infection during childhood, and superinfection with other viruses including HCV may occur thereafter (8) . In addition, the low-level replication of HBV in patients with occult HBV infection does not appear to result from interference by HCV because the occult HBV infection is not necessarily accompanied by HCV infection but is observed at the same rate in healthy controls (17) . However, the lower prevalence of occult HBV infection in our HCV-infected patients (14.8%) compared to that in previous studies (50 to 87%) may be explained by a more strict definition of positivity for HBV DNA in the present study.
The relationship between occult HBV infection and serological markers of HBV infection has been studied before, and the prevalence of occult HBV infection was usually higher in subjects positive for either anti-HBs or anti-HBc or for both antiHBs and anti-HBc than in those negative for all serological markers (46 to 80% versus 20 to 50%) (2, 3, 5) . Although the data were not statistically significant, our data also showed that healthy adults positive for either anti-HBs or anti-HBc or for both anti-HBs and anti-HBc had higher rates of positivity for HBV DNA in their sera than those negative for all serological markers (16 to 25% versus 0%; Table 2 ). The possibility of persistent HBV infection in anti-HBc-positive individuals has been supported by recent studies showing that traces of HBV are often detectable in the blood for many years after clinical recovery from acute hepatitis, despite the presence of antibodies against HBV and HBV-specific cytotoxic T lymphocytes in serum (14, 16) .
The clinical significance of occult HBV infection alone or in combination with HCV infection remains unsettled (2) . Previous epidemiologic and molecular studies have indicated that persistent HBV infection may be associated with the development of HCC in HBsAg-negative patients and in woodchucks that had once been infected with woodchuck hepatitis virus even after the apparent clearance of the virus (13, 20) . Recently, occult HBV infection has been shown to correlate significantly with the development of cirrhosis among HCV-infected patients (3) . The earlier data (3) suggested that a masked HBV infection may interfere with the clinical outcome of chronic hepatitis C and favor or accelerate the evolution to cirrhosis. Since cirrhosis is generally the most important risk factor for the development of HCC (6), occult HBV infection may thus favor neoplastic transformation in HCV-infected patients through its contribution to cirrhosis. In contrast, our results showed that the prevalence of occult HBV infection did not parallel the severity of chronic liver disease, and the mean age of HCC patients with HCV and occult HBV coinfection was comparable to that of patients with HCV infection alone. In addition, among patients with chronic hepatitis C, the demographic, clinical, histological, and virological features were comparable between those with and those without occult HBV coinfection (Table 3) . Taken together, our observations suggest that occult HBV infection may have little influence on the clinicopathologic course of chronic HCV infection, at least in Taiwanese patients. The discrepancy in the clinical outcomes for chronic hepatitis C patients with occult HBV infection between those reported previously and those reported in the present study may be explained by the fact that most of our patients were infected with HBV at birth or in early childhood, which induces an immune tolerance to HBV. This may therefore modulate the influence of occult HBV infection on the histological damage in chronic hepatitis C patients in Taiwan. In addition, occult HBV infection has been claimed to promote HCV replication (5, 19) . However, we did not observe such an association in our study (Table 3) . Occult HBV infection has been suggested to jeopardize the response to interferon therapy in patients with chronic hepatitis C (3, 5, 22) ; however, its impact on the response to combination therapy remains unknown. Our results showed that the sustained rates of response to combined alfa interferon and ribavirin therapy were similar between chronic hepatitis C patients with occult HBV infection and those without occult HBV infection (Table 3) , and thus, low-level HBV infection does not interfere with the response to combination therapy against HCV. In addition, there are no data on the use of antiviral treatment in patients with occult HBV infection, and whether HBV has a sustained response to interferon plus ribavirin remains unexplored. Our data showed that all of the 16 patients with HCV and occult HBV coinfection became negative for HBV DNA in serum at the end of the combination therapy, and 14 (88%) had a sustained virological remission after therapy had been stopped for 6 months. These results suggest that low-level HBV is sensitive to interferon and ribavirin, and whether this combination therapy also works for the treatment of usual chronic active hepatitis B needs to be studied further.
In summary, we found that occult HBV infection is common in healthy adults seropositive for HBV markers as well as in patients with chronic hepatitis C in Taiwan, where HBV infection is hyperendemic; nevertheless, low-level HBV coinfection has no effect on the clinicopathologic status of patients with chronic hepatitis C or the therapeutic response to combination therapy.
